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Abstract 

Dicosmoecus atripes (Hagen) has a 2-year life cycle in 
Dyson Creek, Alberta, a second order foothills stream of the 
eastern Canadian Rockies. Emergence and oviposition occur 
from August to mid-October. Low water temperature seems to 
be the most important factor responsible for the 2-year life 
cycle. The first winter is spent as first instar larvae, the 
second aS inactive fifth (final) instar larvae in 
aggregations on the underside of cobbles. 

Laboratory experiments were conducted to examine the 
factors involved in the formation of these overwintering 
aggregations by fifth instar larvae. Larvae formed 
aggregations in the absence of environmental variations 
ber Oe CULrent wsoubstrate,, etc..)5 (thatacould? tunction in 
bringing larvae together to a 'Suitable' site of attachment 
in the field. When selecting an attachment site, larvae 
selected substrates with attached conspecifics already 
present, over substrates without attached conspecifics. 
Dicosmoecus atripes larvae appear capable of tactile/visual 
recognition of conspecifics, and use their presence on a 
Substrate as cues for selecting a site for attachment. 

Annual production was estimated at 91.4 mg/m’/year, 
WorieaneannualP/Beratio «turnover ratio) «of. 4.97. 

Larval diet and microhabitat changed between instars. 
The proportion of diatoms in the diet of early instar larvae 
Was Significantly -(P<0..001)=greater than  that-of thind and 


later instars. Early instar larvae inhabit stream margins, 
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while larvae of third and later instars were mainly found in 
mid-Sstream reaches. Larvae of all instars preferred pool 
areas to riffles. First and second instar larvae inhabit 
Similar microhabitats. However, the abiotic factors 
important in microhabitat selection seemed to differ between 
theselunstarse Thirds )fourthi and: fifthvanstartlarvaerishowed 


a Similar trend. 
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Figure 5. Instar-specific mean dry weight(mg) of 
Dicosmoecus atripes larvae in Dyson Creek Alberta. 
Values between instar mean weights indicate weight 
increase or decrease(-) in mg between instars. 
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animals weighed. (Range of standard error of mean 
dry weight was 0.03-0.10) See text for explanation 


of Vince Veer5 ooeoeeeeeeeee eee & 6 oeoeeoeeeve ee ee © eoeeeeeeeeeeee @ 


Figure 6. Changes in the percent composition of 
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Figure 8. A: The relative proportion each current 
category (1-10) comprised of the total number of 
Samples taken. B: The distribution of Dicosmoecus 
atripes larvae (instars I-V) with respect to current 
velocity. Data are expressed as a relative 
proportion with respect to each current category of 
all the larvae collected for each instar. For 
graphical analysis current velocities were 
categorized into 0.05 m/sec increments (1=0.00-0.05, 
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Figure 9. A: The relative proportion each substrate 
category (1-5) comprised of the total number of 
Samples taken. B: The distribution of Dicosmoeécus 
atripes larvae (instars I-V) with respect to 
Substrate type. Data are expressed as a relative 
proportion with respect to each substrate category 
of all the larvae collected for each instar. 
Substrate was categorized (1-5) by size (after 
Cummins, 1962); 1=sand, 2=gravel, 3=pebble, 
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number of samples taken. B: The distribution of 
Dicosmoecus atripes larvae (instars I-V) with 
respect to the position across the stream where they 
were collected. Data are expressed as a relative 
proportion with respect to each 'position across 
Stream' category of all the larvae collected for 
each instar. (1=stream margin, 2=2 m from shore, 

3=3 m from shore and 4=midstream (i.e. greater then 
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Figure 11. A: The relative proportion each water depth 
category (1-18) comprised of the total number of 
Samples taken. B: The distribution of Dicosmoeécus 
atripes larvae (instars I-V) with respect to water 
depth. Data are expressed as a relative proportion 
with respect to each water depth category of all the 
larvae collected for each instar. For graphical 
analysis water depth measurments were categorized 
into 5 emwinerements ) (120=5512=5=10, (3=10<157 
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Figure 1. Experimental tank with two ceramic tiles for 
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Figure 2. A: Experimental pool with eight ceramic tiles 
for attachment (top view- looking down into pool). 
B: Side view of ceramic tile, to demonstrate how 
tiles were raised off the substrate to provide an 
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Figure 3. A: Ceramic tile with five empty Dicosmoecus 
atripes larval cases (0) attached. The pattern of 
attached larval cases was identical on all tiles. B: 
Side view into tank showing how tiles with empty 
D. atripes larval cases attached were positioned. 
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Figure 4. Chemical gradient experimental set-up. Numbers 
indicate length and position of the tube considered 
left and right ends (10 cm), left and right halves 
(41 cm), and the central region (20 cm) 

(- - - -=water level). Animals were introduced into 
the square opening in the centre of the tube. To 
permit flow through the tube, a drain hole for 
overflow was provided in the central region of the 
tube. The tanks at the left and right end of the 
tube each had a ceramic tile and water. For each run 
of the experiment only one tank had attached 
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I. Introduction 

The terms life history and life cycle have often been 
used indiscriminately in the literature. The life cycle of 
an organism has been defined as "a series of stages in form 
and function through which an organism passes between the 
recurrence of specified primary stages (e.g. egg to egg)" 
(Buikema and Benfield, 1979). My definition of life history 
includes an organism's life cycle, as well as its 
distribution, diet, production, and response(s) to abiotic 
and biotic factors in its environment. 

Life history studies have received much less attention 
among freshwater ecologists in recent years. Part of this 
decrease in emphasis seems to be a direct result of 
coinciding trends in general ecological research from 
descriptive to quantitative studies (Resh, 1979). Another 
and perhaps even more influential reason is the lack of 
Support for such research, often simply because of its basic 
nature (Waters, 1979). As basic as life history studies may 
be, their importance in providing background data for more 
detailed ecological studies cannot be disputed. For example, 
Resh (1979) emphasized how information from life history 
work (e.g. intraspecific distributional patterns) could be 
used to reduce the number of samples and therefore time and 
effort necessary to minimize sampling variability. Waters 
(1979) stressed the need for adequate data on benthic 
invertebrate life histories in quantitative ecological 


research and outlined several practical applications of such 


7 


Dae! ee 


- 
SE oe a 
re 
ite a] 


— i) ae 
even aisys Ss 
ap 


“— 


4) 
- 


=< 


i 


P ~ 
c - 
& 
eon 
« 
> +¢ 
+ 
“} 
; 


a 
E 


data in pollution control and fisheries management. For 
example, accurate life history data are important for 
benthic production computations and therefore for fisheries 
management programs based on benthic production. 

My study responds to a call for more basic life history 
data on freshwater benthic invertebrates (Waters, 1979) and 
deals with the life history of a population of Dicosmoecus 
atripes(Hagen) in Dyson Creek, Alberta. Questions about 
voltinism in D. atripes populations (G.B. Wiggins, person. 
comm.), age specific diet and microdistribution, production, 
and the formation of larval aggregations during prolonged 
periods of inactivity were all examined. 

The formation of larval aggregations during pupation is 
a common phenomenon among caddisflies (G.B. Wiggins, pers. 
comm.). However, few studies have looked at the actual 
Format ron Cresigqniticance olsthese aggregations.) The 
formation of these aggregations may involve some behavioral 
interaction between larvae or may simply be the result of 
individual larvae reacting in a Similar manner to some set 
of environmental factors. I investigated this phenomenon by 
examining the processes involved in the formation of 


overwintering aggregations by D. atripes larvae. 
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Il. The life history of Dicosmoecus atripes(Hagen) 
(Limnephilidae:Trichoptera) in a Rocky Mountain stream of 


Alberta, Canada. 


Abstract 


Dicosmoecus atripes(Hagen) has a 2-year life cycle in 
Dyson Creek, Alberta, a second order foothills stream of the 
eastern Canadian Rockies. Emergence and oviposition occur 
from August to mid-October. The first winter is spent as 
first instar larvae, the second as inactive fifth(final) 
instars in a form of diapause. No growth was observed in 
overwintering first instar larvae, and a Significant 
(P<0.05) weight loss was recorded in overwintering fifth 
instar larvae. Temperature seems to be the most important 
factor responsible for the 2-year life cycle. 

Annual production was estimated at 91.4 mg/m?/year, 
Wotnpanwanhila Wee ZB earatio, of 4:97). 

Larval diet and microhabitat changed between instars. 
The proportion of diatoms in the diet of early instar larvae 
was significantly (P<0.001) greater than that of third and 
later instars. Early instar larvae inhabit stream margins, 
while larvae of third and later instars were mainly found in 


mid-stream reaches. Larvae of all instars preferred pool 
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areas to riffles. First and second instar larvae inhabit 
Similar microhabitats. However, the abiotic factors 
important in microhabitat selection seemed to differ between 
these instars. Third, fourth and fifth instar larvae showed 
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Introduction 

Members of the genus Dicosmoecus are among the largest 
of caddisflies and are often abundant in lotic habitats of 
western North America and northeastern Asia (Wiggins and 
Richardson, 1982). In a recent review of this genus, Wiggins 
and Richardson (1982) concluded that three of the four North 
American species are generalized predator-shredders as final 
instar larvae and have 2-year life cycles. The fourth 
species, Dicosmoecus gilvipes, is a univoltine grazer. 
Dicosmoecus gilvipes and D. atripes are the two most common 
North American species. The biology of D. gilvipes is known 
from studies in California (Lamberti and Resh, 1979; wey 
and Resh, 1980) and Montana (Hauer and Stanford, 1982). 
However, little is known about the wider ranging (Alaska to 
New Mexico) Dicosmoecus atripes. 

This study examines the life cycle and biology of a 
population of Dicosmoecus atripes in Dyson Creek, Alberta. 
Factors influential in accounting for a 2-year life cycle 
are discussed, and special emphasis is placed on analysis of 


instar-specific diet and microhabitat selection. 


Study Site 
This study was conducted on a 2 km stretch of Dyson 
Creek, Alberta (50° 37°N; 114° 39'..2)W)> <a second “order 
foothills stream of the eastern slopes of the Canadian 


Rockies (Fig.1). Dyson Creek arises at an elevation of 
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2133 m and flows for 12 km before entering the Sheep River 
at an elevation of 1463 meters. 

The 2 km study area (elevation 1584-1524 m) has a mean 
Stream width of 5.8 m, depth of 25.9 cm (mean pool 
depth=32.1 cm, mean riffle depth=18.9 cm, max. depth 1.2 m), 
and current velocity of 0.26 m/sec (mean pool current 
Viele =O, Owm/ Sec), mean riffle current vel.=0.42 m/sec, max. 
current vel.=1.15 m/sec). The substrate is predominantly 
cobbles and pebbles, with some areas of bare bedrock and 
patches of gravel, sand or both (substrate classification 
after Cummins, 1962). The study area flows through open 
meadow, ravine and forested reaches primarily of willow, 
aspen and white spruce. 

Water temperature, recorded with a Ryan 30-day 
thermograph, ranged from 0°C in winter to 14°C in summer 
(Fig.2). Mean summer temperature (June-September,1980) was 
9°C. The stream is typically ice-covered from October to 
May, With an average winter water temperature of 0.5°C. 
Degree days were calculated using mean monthly temperatures 
over 1 year. Since no growth was recorded at temperatures 
below 0.5°C, this was taken as the minimum temperature in 
these calculations. The number of degree days for Dyson 


Creek was 986.5/year. 
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Methods 

Quantitative and qualitative benthic samples were 
collected weekly during the summer and autumn of 1980 and 
Spring and summer of 1981. Pool and riffle areas were 
Sampled alternately every other week. To avoid previous 
sampling effects, no pool or riffle was sampled more than 
once per year. 

Quantitative samples were taken with a Surber-type 
Sampler (30x30 cm frame, mesh size=250 um) at 1 m intervals 
along transects extending across the stream. Thirty samples 
per week were taken during summer and autumn (May-October) 
and 5-10 samples per month in the winter. Transects were set 
so the same area would not be sampled twice. Samples were 
taken to a substrate depth of 5 cm and were initially sorted 
in the field by running the sample through a series of 
Sieves (5.08 cm, 2.54 cm, 4.76 mm, 2.49 mm). Dicosmoecus 
atripes larvae retained by the 5.08 and 2.54 cm sieves were 
preserved in Kahle's fluid in the field. Substrate and 
animals in the 4.76 and 2.49 mm sieves were preserved in the 
field and sorted in the laboratory under a dissecting 
microscope. The larvae were then counted for density and 
production estimates. To determine larval instars, head 
widths (dorsally across the eyes) were meaSured under a 
dissecting microscope at 40x, using larvae from both 
Quantitative and qualitative samples. Qualitative samples 
were collected throughout the year with a dip net (mesh 


size=250 um). 
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Three rearing cages (1.2x0.6x0.6 m), covered with nylon 
window screening, were used to rear pupae in the stream. To 
determine if all members of a cohort had a 2-year life 
cycle, larvae that achieved the fifth instar during the 
summer of 1980 were placed in cages (20 larvae per cage) in 
late August and observed to the end of October 1980. 

Qualitative samples of at least 30 larvae in each 
instar were collected for weighing. Based on a temporal 
Separation (see Results) four stages of fifth(final) instar 
larvae (V,,V;;:,V2,V22) were designated and samples of all 
four weighed. Larvae were oven-dried (60°C, >72hours), 
cooled in a desiccator and weighed to the nearest 0.0001 mg 
on a Cahn 25 Automatic Electrobalance or to 0.0001 gm ona 
Mettler type H6 balance. From necessity, larvae had to be 
preserved prior to weighing. Larvae were preserved in 
Kahle's fluid and weighed within 5 days of the time 
collected. Weight loss is minimal with this procedure 
(R.J. Mackay, pers. comm.). 

Annual production and annual turnover ratio (P/B) were 
calculated using the instantaneous growth method (Waters and 
Crawford, 1973; Waters, 1977). Because D. atripes has a 
2-yearoli feacycles ineDysoneCreeke(Figs3)) production 
estimates for members of all cohorts present (i.e. 
1978,1979,1980) between July 1980 and June 1981 were summed 
to determine overall annual production. 

To determine diet of larval Dicosmoecus atripes, the 


foregut of 10 larvae of each instar were prepared as 
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outlined in Cummins (1973), except animal material was not 
separated from other gut contents. Relative abundance 
(percent composition per gut) of diatoms, other algae, 
detritus and animal material in the gut of larvae of each 
instar was determined by counting (at 400x) 10 random 
whipple grids per larva, and then combining the results for 
the.10 -lanvae of veach simstans<Theigqut econtents.ofwi0ff pnst 
instar larvae and 5 second instar larvae were combined per. 
slide. A total of 30 fifth instar guts were analysed , 10 
from. animals «just eafter molting «to vfitthsa(V, yp ot0 cirom 
fifths ponior sto ovemwinteringse(Veareeand 10 fromtiniths: in 
their second summer(V,). To test for differences in diet 
between instars, the data were subjected to an arcsine(x) 
transformation and analysis of variance. 

Water depth, current velocity at 0.6x the water depth 
(using a F583 Water current meter-- Price Pygmy type), 
predominant substrate type enclosed by the sampler, and 
distance from shore were recorded for each of the 470 
Quantitative samples taken. Each of these designated abiotic 
factors was divided into a number of categories (e.g. 
substrate: 1=sand, 2=gravel, 3=pebble, 4=cobble and 
5=bedrock) and the relative proportion of each category 
present in each factor calculated. For example, 27 of 470 
samples were from a sandy substrate; therefore 6% of all 
substrate types sampled was sand. If D. atripes larvae are 
not selective with respect to these abiotic factors, then 


the relative proportion of larvae collected in association 
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with each abiotic factor category should approximate the 
relative proportion of each category sampled. That is, of 
all D. atripes larvae collected in each instar, the 
percentage collected from a sandy substrate should 
approximate 6% if larvae are not selective towards substrate 
types. To check for instar-specific selection, the relative 
proportion of larvae associated with each category of each 
abiotic factor was calculated for each instar. For example, 
106 of a total of 150 first instar larvae(or 71%) were 
collected from a sandy substrate. These data were compared 
graphically and by a Chi-square goodness of fit test to 
those obtained for current velocity, substrate, position 
across stream and depth. 

The effects of current, substrate type, distance from 
shore, and depth on the distribution of D. atripes larvae 
were analysed using multiple regression analysis (BMDP 
computer program P6D). Data were analysed by instar on 
individual sampling dates (30 samples/date). Only dates for 
which more than 30% of the samples collected contained 
larvae of the instar in question were used. The 30% value 
was chosen to ensure all instars would be included in the 
analysis, because fifth instar larvae(V, and V,..,) usually 
appeared in less then 10 samples per any sampling date. A 
log(x+1) transformation was applied to the data to randomize 
the residuals. Samples with zero animals were included in 


the analysis. 
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Results 

Life Cycle 

Head capsule measurements of larval Dicosmoecus atripes 
revealed five distinct instars during the life cycle (Table 
1). The range of head capsule widths for third, fourth and 
fifth instar larvae from Dyson Creek were comparable to 
those reported by Wiggins and Richardson (1982) for 
D. atripes populations over the entire geographic range of 
the species. Although morphologically identical, fifth 
instar larvae were divided into four categories on a 
temporal basis: (V,)just after molting (August first 
year),(V,,)prior to overwintering (September-October first 
year),(V,)just after overwintering (May-June second year), 
andi(vio) ®priordtoypupation®= (July=August®sécond year). 

The D. atripes population in Dyson Creek, Alberta, has 
a 2-year life cycle (Fig.3). A single egg mass collected in 
September 1980 and maintained in an in-stream rearing cage 
produced first instar larvae in October. No first instar 
larvae were collected in winter samples, but were present in 
May and June 1981. It appears that first instar D. atripes 
larvae hatch in autumn and either grow very slowly during 
winter or cease growing and overwinter in some form of 
resting stage. Development was rapid during the following 
summer, and final instar larvae (V,) were present by early 
August. In late September these larvae formed aggregations 
on the underside of cobbles where they overwintered as fifth 


instar larvae (V,,). Up to 87 larvae per cobble was 
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recorded; the average number was 15 larvae per cobble. This 
winter resting stage appears to be ateleo-diapause 
(low-intensity diapause) as described by Mansingh (1971), 
because if the cobble is disturbed at any time after the 
larvae attach, the larvae detach from the cobble, move away, 
and attach under another cobble. However, larvae do not 
detach if the cobble is not disturbed. Similar results were 
obtained from manipulation of live animals kept in a 
laboratory environmental chamber under simulated winter 
conditions. 

The following spring (April-May), overwintering larvae 
Cigar) Regaine ad cice again, resumed feeding, dispersed and 
were ready to pupate (V,.) by mid-July. At this stage larvae 
again formed aggregations, similar to those of overwintering 
larvae, on the underside of cobbles. After attaching they 
underwent a 1 to 3 week prepupal diapause. Pupation took 
another 1 to 3 weeks, after which the pharate adult 
typically detached the larval case from the cobble and 
emerged. 

None of the fifth instar larvae (V,) placed in the 
in-stream rearing cages (August-October,1980) pupated in 
their first year. Therefore, a 2-year life cycle appears to 


hold for the entire D. atripes population in Dyson Creek. 


Larval Cases 
First instar Dicosmoecus atripes larvae constructed 


cases of vegetation. A vegetative case was retained through 
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Enegear hyo part oriine: frrth: \(Vi.dsanstaryeat. whichs time wt 
was replaced by a case entirely of stone. Construction of 
the stone case involved addition of sand grains to the 
anterior end of the vegetative case and removal of the 
vegetative case from the posterior end of the completed 
stone case. Larvae overwinter and pupate in stone cases. 
Dicosmoecus atripes larval cases are similar in construction 
to those described for Dicosmoecus gilvipes larvae (Hauer 
and?) Stantordyeu9s8 20a 

A shift in microhabitat accompanied the shift in case 
material. Larvae in vegetative cases were mainly found on 
the surface of the substrate, whereas stone cased larvae 
inhabited the underside of cobbles. In response to this 
shift, a stone case should provide more protection (e.g. 


against abrasion) than a vegetative case. 


Density and Production 

Maximum density of D. atripes larvae in Dyson Creek was 
estimated at five larvae per m* (Fig. 4, fourth instars). 
Density estimates from sampling dates approximately 1 year 
apart were Similar (Fig.4, e.g. V, and II instars in June 
1980/81). The calculated higher densities of late instar 
larvae as opposed to earlier instar larvae is probably an 
artifact of the collecting procedure and distributional 
patterns of the various instars (see Figs. 8-11). 

wheemeantdry weight) for larvae ofmeachWinstareand 


change in weight between instars are shown in Figure 5. Two 
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periods of significant weight loss (t-test, P<0.05) occurred 
during the fifth instar: one during pupation and the second, 
a loss of almost half the body weight, during overwintering. 
The annual production of D. atripes larvae in Dyson 
Creek was calculated at 91.4 mg/m?/year (Table 2). This 
estimate fits into the lower range of values reported for 
other species of Trichoptera (9.9-2,880 mg/m’?/year; Waters, 
1977). The annual P/B ratio (turnover ratio) was 4.97; which 
1S in the general range reported for other aquatic 
invertebrates (Waters, 1969; Waters and Crawford, 1973). My 
estimates should be taken as minimal, because sampling of 
early instar larvae could have been improved by 
incorporating the knowledge obtained in this study on instar 


Specific distribution into the sampling scheme. 


Food Habits 

The analysis of larval food habits indicated that the 
diatom component changed significantly between second and 
thpreranstarblarvaes ANOVA, P<0700 1) OeThiStresultedein a 
Switch from predominantly diatoms during first and second 
instars ,Peosdetratuseine third, urcuren® andeiaethi instars 
(Figs. 6&7). 

I observed late instar D. atripes larvae (III-V) 
feeding on macroinvertebrates (e.g. larvae of the 
Trichoptera: Ecclisomyia sp.) in the field, but could not 
determine whether D. atripes larvae had actually caught the 


prey. In the laboratory, D. atripes larvae would actively 
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feed on enchytraeids (Annelida:Oligochaeta), and therefore 
may eat live animals in the field should the opportunity 
arise. Other prey items found in gut contents of D. atripes 
were Trichoptera, Ephemeroptera, Chironomidae and Plecoptera 
larvae. After an exceptionally severe rainstorm in 
mid-summer 1980, numerous accumulations of green vegetation, 
especially aspen and willow leaves, were noted in Dyson 
Creek. Dicosmoecus atripes larvae appeared capable of 
locating such occaSional inputs of rare food items, since 
uncommonly large congregations of D. atripes larvae were 
observed feeding on this material. Similar observations were 
made by Hart and Resh (1980) for a population of Dicosmoecus 


gilvipes larvae in California. 


Microhabitat 

Dicosmoecus atripes larvae of all instars preferred 
pool areas to riffle areas (P<0.05). Distribution of larvae 
of the various instars in relation to current velocity, 
Substrate type, poSition in stream and depth, is shown in 
Bigures 87511.0Theadistribution of larvae imreach instar with 
respect to current velocity, substrate type, position across 
stream and depth was not related to the proportion of each 
of these factors sampled (Chi-square, P<0.05) except for 
instar V,, and current. Larvae of all instars appeared to 
prefer low current velocities. First and second instar 
larvae selected shallow areas of fine substrate along the 


stream margin. Third and later instar larvae were found 
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across the stream channel, selecting deeper areas of coarse 
substrate. These trends are summarized for larvae of each 
instar in Table 3. 

Results of the multiple regression analysis Summarizes 
the factors most highly correlated with choice of 
microhabitat during each instar (Table 4). These results are 
consistent with instar specific trends in microdistribution 
(Table 3) and demonstrate that factors involved in habitat 
choice may differ between larvae of different instars even 
where microhabitat 1S similar. For example, selection for 
fine substrate and areas near shore in first instar larvae, 
and low current and shallow areas in second instar larvae 
(Table 4), both result in larvae of these instars inhabiting 


the stream margin (Table 3). 


Discussion 

Life Cycle 

Hartland-Rowe (1964) concluded that temperature, 
especially low winter temperature, was a very important 
factor influencing life histories of Plecoptera and 
Ephemeroptera in Gorge Creek, Alberta (see Fig.1). The 
2-year life cycle of Dicosmoecus atripes in Dyson Creek, 
With a zero growth period in first instar larvae and an 
inactive stage in fifth instar larvae during the winter, 
seems predominantly related to low water temperatures in 


winter. Support for this conclusion comes from observations 
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on aD. atripes population in Flynn Creek, Oregon, where the 
population has a i-year life cycle, developing from egg to 
fifth instar larvae in about 4 months (December-March) 

(B. Wisseman, pers. comm.). The average water temperature of 
Flynn Creek during this 4 month period was 8.3°C. 
Dicosmoecus atripes larvae in Dyson Creek develop from first 
POepritheinstareinis monthstasiwell SiBue this stoceurs kduriing 
Summer (May-August), when average water temperature in Dyson 
Creekeisncompanables(9°C)etoithe averagelwinterewater 
temperature in Flynn Creek. During winter (October-April), 
average water temperature in Dyson Creek is 0.5°C, and 

D. atripes larvae do not seem to grow. The number of degree 
days for Flynn Creek, calculated from temperature data 
reported by Chapman (1961) and considered typical 

(B. Wisseman pers. comm.), was 3347 per year compared to 987 
per year for Dyson Creek. 

Temperature may not be the only factor responsible for 
the different voltinism of the Alberta and Oregon 
populations. A difference in food quantity, quality or both 
may also be important (Anderson and Cummins, 1979). No 
Quantitative data on the quantity or quality of available 
food resources for D. atripes in Dyson Creek were collected; 
but based on diet analysis, some qualitative information is 
available. 

Since D. atripes larvae are shredders (Wiggins and 
Richardson, 1982), the autumnal imput of allochthonous 


material should provide a substantial food supply during 
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autumn and winter for both first and fifth instar larvae in 
Dyson Creek. The life cycles of many shredders seem keyed to 
this autumnal pulse of allochthonous material, with a 
corresponding period of major growth in late autumn and 
early winter (Anderson and Cummins, 1979). This appears to 
be the situation for D. atripes larvae in Flynn Creek, 
Oregon (B. Wisseman, pers. comm.). Since detritus makes up 
over 60% of the gut content in fifth instar D. atripes 
larvae in Dyson Creek (see Figs. 6&7), the presence of an 
inactive overwintering stage in this instar does not seem 
related to availability (i.e. quantity) of food. Low water 
temperature, therefore, seems the most important factor in 
overwintering of fifth instar larvae. 

Although detritus is consumed by first instar 
D. atripes larvae and may be abundant during autumn and 
winter, the relatively large amount of diatoms (>60%) in 
their diet (see Figs. 6&7) suggests that diatoms could be 
important for overwintering in first instar larvae. Although 
Dyson Creek 1S ice-covered from mid-October to early May, 
substantial autochthonous production of diatoms (e.g. 
Ceratoneis arcus, Rhoicosphenia curvata, Diatoma hiemale 
v.mesodon, Meridion circulare ,etc.) found in first instar 
gut contents can be expected, and the quantity and quality 
of this food item should not be significantly limiting over 
the winter(M. Hickman, pers. comm.). Given this food 
resource, first instar D. atripes larvae have the potential 


for considerable growth over the winter; the fact that no 
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growth occurs seems to be the effect of low water 


temperatures. 


Instar-Sspecific Microhabitat 

Just aS diet of aquatic macroinvertebrates has been 
shown to change during the life cycle (Fuller and Stewart, 
1977, 1979; Fuller and Mackay, 1980), one might expect a 
Similar phenomenon with respect to choice of microhabitat 
and factors affecting that choice. Numerous studies have 
illustrated the effects of current velocity (Chutter, 1969; 
Corkum et al., 1977; Minshall and Minshall, 1977; Rabeni and 
Minshall, 1977), substrate type (Higler, 1975; 
Corkum et al., 1977; Resh, 1977; Lamberti and Resh, 1979; 
Minshall and Minshall, 1977: Rabeni and Minshall, 1977; 
Reice, 1980), position in stream (Resh, 1977), depth 
(Chutter, 1969) and other abiotic factors (e.g. Statzner, 
1981) on the distribution of various lotic 
macroinvertebrates. However, few studies have treated these 
factors, either individually or in combination (Ulfstrand, 
1967; Gore and Judy, 1981), as they relate to 
microdistribution during the life cycle of a single species. 
Different microdistribution patterns for different larval 
instars have rarely been reported (Cummins, 1964; Williams 
and Hynes, 1973: Resh, 1977; Hildrew et al., 1981). 

In ‘addition toianstar=speceiicg changes? in’ diet; 
D. atripes larvae also showed instar-specific changes in 


microhabitat selection. First and second instar larvae were 
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found in similar microhabitats, along the stream margin. 
Highest concentrations of these larvae were in areas along 
the stream margin with submerged vegetation. Larvae were 
observed moving over this vegetation, apparently grazing on 
associated flora (e.g. diatoms, M. Hickman, pers. comm.) and 
fauna, and would cling tenaciously to this vegetation if 
disturbed (e.g. during dip-net sampling). It appears, 
therefore, that this bank vegetation serves both as a 
Substrate for D. atripes larvae and their food. Although 
bank-side vegetation wasS not incorporated in the analysis on 
Microdistributionpistecould prove anPamportant!factortin 
destribugtonjoiveaniyoinstars. 

Buring the third instar, D. atripes larvae move from 
the banks and eventually occupy the entire channel of the 
stream; this bank to bank distribution is also exhibited by 
fourth and fifth instar larvae. Third instar D. atripes 
larvae are quite large (mean head width=1 mm, body 
length=1 cm), and since they inhabit the upper surface of 
the substrate, they are conspicuous. Predation by dippers 
(Cinclus mexicanuS:Cinclidae) on third and later instar 
larvae found along the stream margin was frequently 
observed. Therefore, this lateral movement may in part be in 
response to avian predation. This selective pressure need 
not be restricted to Dyson Creek, as the distribution of 
dippers overlaps that of Dicosmoecus atripes over its entire 


geographic range. 
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Selection for deeper midstream reaches by fifth instar 
larvae during the winter would seem advantageous because 
there would be less chance of the water freezing into the 
Substrate in these midstream areas. This may also ensure 
Submergence during pupation the following summer should 
water levels recede drastically, as can happen during 
exceptionally dry years. 

The change to a stone case during the early part of the 
PrcCeh AVG) Pinstarhmayveineparte begangadaptationrfor 
overwintering and also for pupation. When compared to a case 
of vegetation, a stone case would appear to offer greater 
protection to an inactive animal against predation, 
mechanical injury, or both. A change to a stone case prior 
to overwintering would also ensure the presence of a case 
the following spring, as a vegetative case could suffer from 
decomposition or even attack by shredders during the 7 or 8 
months of winter. Attacks on the cases of leaf-cased 
caddisfly larvae (Pycnopsyche gentilis) by other 
"leaf-feeders" is known to occur (Mackay, 1972; Mackay and 


Kali te 19 13). 


Intraspecific Competition ? 

Cushman et al. (1977) suggested that habitat 
differentiation between various sizes of Diplectrona modesta 
larvae (Trichoptera) may function as a mechanism in reducing 
competition, if competition is at all present. Although I 


have no direct evidence that intraspecific competition 
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occurs among D. atripes larvae, it is interesting that diet 
and microhabitat change significantly during the third 
instar. These changes effectively move third instar larvae 
imbOpareas, PLeEViOUS! y Utilized by co-oceuring fifth (V;-) 
instar larvae at approximately the time the fifth instar 
larvae are preparing to pupate. Therefore, could the 
observed spatial and dietary patterns between larvae of 
different instars, in part, be a response to a 2-year life 
cycle and resulting overlapping generations? In Flynn Creek, 
Oregon, D. atripes has a 1-year life cycle and no overlap in 
generations. In this population no shift in microhabitat 
between instars has been noted, and diet remains to be 
analysed (B. Wisseman, pers. comm.). Investigation for 
age-specific trends in other benthic macroinvertebrates with 
univoltine and bi- or even trivoltine populations may 
reveal, and provide possible mechanisms for avoiding, 


intraspecific competition. 
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Table 1. Dicosmoecus atripes larval instars, 
from head width measurements (mm) measured 
across the eyes. 


Instar Mean Head Width (Range) mm 
I (n=47) 0.513 (0.476-0. 5479) 
EI) (n2927) 0.729 (0.666-0.809) 
Dien n= 204) 110 9,-CO904 = 12175 
IV (n=264) 1.479 (1,309=1. 642) 


V (n=576) 198 5/KIR 761-2289 } 
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Table 2. Calculation of production of Dicosmoecus atripes larvae in 
Dyson Creek, Alberta, by the instantaneous growth method. G= insta 
aneous rate of growth (ln Wt/Wo), B= mean standing crop (Bt+Bo/2), 
P= production for interval between successive dates. (1b, 2b, 3b & 
10b- V & V larvaeomiib es 2b- il, bree, Tilelarvae from 1987) 
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Table 73. winstar-specitic: trends in the microdistribution of 
Dicosmoecus atripes larvae in Dyson Creek, Alberta. 


Position across 


Instar Current Substrate stream Depth Microhabitat 

I Low Sand Margin | Shallow Stream 
Margin 

ie Low Sand Margin Shallow Stream 
Margin 

III Low Bedrock Midstream Deep Midstream 
Reaches 

IV Low Bedrock Midstream Deep Midstream 
Reaches 

V Low Cobbles Midstream Deep Midstream 
Reaches 

V i Cobbles Midstream Deep Midstream 


Reaches 
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Table 4. A summary of the multiple regression analysis on the series 
of samples of Dicosmoecus atripes larvae from Dyson Creek, Alberta. 
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Figure 3. Life cycle of three cohorts (1978) 19/9. 
of Dicosmoecus atripes in Dyson Creek, Alberta. The 
presence of eggs(EGG), adults(ADULT), pupae(PUPA), prepupa 
(P.P.);5 and monthly distribution of larval wns tarsi: yen 
shown. Samples were collected from June 1980 to July 1981. 
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Figure 4. Density estimates (number/m¢) of Dicosmoecus 
atripes larval instars(1-V) in Dyson Creek, Alberta: 
from dune 1980 to duly 198i: Vy represents fifth instar 
larvae in their first summer (Aug.-Sept.), V5 fifth 
instar larvae in their second summer (May-Aug.). 

(Range Of standard error: 02-0) 
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Figure 5. Instar-specific mean dry weight (mg) of 
Dicosmoecus atripes larvae in Dyson Creek, Alberta. 
Values between instar mean weights indicate weight 
increase or decrease(-) in mg between instars. Values 
below instar numbers indicate number of animals weighed. 
(Range of standard error of mean dry weight was 0.03- 
02.10) See text for explanation or Vi-Voo: 
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Figure 6. Changes in the percent composition of detritus, 
animal, diatom, and other algal components in the gut 

contents of Dicosmoecus atripes larvae of the five instars. 
Vertical bars are standard error (no standard error could 
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Figure 8: Az the relative proportions each cCUurneqe 
category (1-10) comprised of the total number of samples 
taken. B: The distribution of Dicosmoecusvatripes larvae 
(instars I=V) with respect to current velocity wwe ta 

are expressed as a relative proportion with respect to 
each current category of all the larvae collected for 
each tnstar. “hor draphical analiysas curren teve  ocwees 
were categorized into 0.05 m/sec increments (1=0.00-0.05, 
2=0.05-0.105 3=0.10-0.15; 4=0716=0820, 2 ele oe 

and greater m/sec). 
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Figure 11. A: The relative proportion each water depth 
category (1-18) comprised of the total number of samples 
taken. B: The distribution of DPicosmoecus atripes tomas 
(instars I-V) with respect to water depth. Data are 
expressed as a relative proportion with respect to each 
water depth category of all the larvae collected for 

each instar. For graphical analysis water depth 
measurments were categorized into 5 cm increments 

(1=0-5., 2=5-10,. 3=10-15, 4=15-205.... 18=85-90 cn 

or greater). 
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III. Formation of aggregations by overwintering fifth instar 
Dicosmoecus atripes larvae (Limnephilidae:Trichoptera): an 


experimental analysis. 


Abstract 

Laboratory experiments were conducted to examine the 
formation of overwintering aggregations by fifth instar 
Dicosmoecus atripes larvae from a population in Dyson Creek, 
Alberta. 

Larvae formed aggregations in the aedtence of 
environmental variations (e.g. current, substrate, etc.), 
that could function in bringing larvae together to a 
‘Suitable’ site of attachment in the field. In selecting an 
attachment site, larvae selected substrates with attached 
conspecifics already present over substrates without 
attached conspecifics. Given the choice between an 
attachment site with empty conspecific larval cases attached 
or glass shell-vials similarly attached, D. atripes larvae 
chose the site with conspecific larval cases. It appears 
that D. atripes larvae are capable of tactile or visual 
recognition of conspecifics, and use their presence as cues 
in attachment site selection. 

There was no experimental evidence of chemical cues 


between larvae in aggregation formation. 


a2 


oo ee a4 7) 
= aT 
_ vo - - 0 


io a 
‘qedani ght? pa 1034) we 


iat: esbll dg 


wl a pater BAG. é 


te slate ods 


a) on 


7 
toa ace 
.* 7 AY : ; — : 
J3U51oOo Stew adeemizegxs YIOFsIOd 

. te ; 7 a aS 
753 dvii3 yd enoivepetega, gnitesni¥teve Bo fee 


mi 


yisDIS ,Sissseoue 3 Jo ,@ Ss) @eeoljeizvev fergne 
’ ' : : <> SS Soe 
23 Yensspog #5 { onipaisd az noisona? Bipes 
see 
[a2 nl .Biai? edi nt @ne@fsegds to szie Pete 
i . 
im) one — Tes s - eg 
siugiee gevisl ,9318) Josm@is 
es 
a Te t ne i “5 ” c rae ‘I 36 Ty be otis. aard. - 
paw s4 foria oft favid .eoiticaqgenos Benor 


oie 
inegeioo yids tliw eile Jasmm 


. y > ‘ ‘ a 

‘Litjoe? io sidggas ein cevisl eet 

Pe a7 

 afSag Saw bs 2 ae or 2aQZ2inos jo aor a 
“a 7 

<MGitoeles afiz ns ite 
<< 


aint » gonsbive Lashemiseqrs on “% 


of notIapeIpps ni 96 


5g 


Introduction 

The formation of pupal aggregations is a common 
phenomenon among larval caddisflies (G.B. Wiggins, pers. 
comm.); however, few studies have looked at factors involved 
in their formation. An aggregation of animals may result 
from individuals responding to one another in a gregarious 
manner, or by individuals reacting in a similar fashion to 
some set of environmental factors thereby inadvertently 
coming together. The results of several studies (Scott, 
$950; oCampbellcandeMéeadows ,./ 19725kOt nos 719767 "Ottorand 
Svensson, 1981) indicate that aggregation formation in 
caddisfly larvae is not strictly the result of habitat 
heterogeneity, which brings animals together at a 'Suitable' 
attachment site, but apparently has a gregarious component 
as well. 

In the field , fifth instar Dicosmoecus atripes (Hagen) 
larvae form aggregations of inactive larvae on the underside 
of cobbles not only when they pupate but also when they 
overwinter (Chapter 1). A series of laboratory experiments 
were designed to determine what factors are involved in the 
formation of these overwintering aggregations. Aggregation 
in the absence of environmental heterogeneity and the effect 
of conspecifics on attachment site selection were examined 
to determine whether aggregation was in response to abiotic 


factors or the presence of conspecifics. 
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Methods 

All experiments were conducted in an environmental 
chamber under simulated winter conditions. Water temperature 
was maintained at 0.5-1°C, and a light to dark regime of 
8:16 hrs was used. 

Fifth instar D. atripes larvae were collected from 
overwintering aggregations in Dyson Creek, Alberta 
(508 B72 “Nye 1 40s Srey (Win (sitesprevaousl yadescr ibede in 
Chapter 1). In the laboratory, larvae were kept in the 
environmental chamber at all times. Larvae, when not being 
used in an experiment, were held in large coolers with 
cobbles provided for attachment. No larva was used in more 
than one experiment. After use, larvae were eventually 
returned to Dyson Creek. 

Experiments were conducted in clear plastic tanks 
(20xde6xusicm)ywand aaplasticiwading? pool) (415 thdiameer 3itecm 
deep). Larvae were always introduced simultaneously into the 
centre of these containers. In all experiments, ceramic 
tides! (402 5x9 w2xhbemyn=Internatiaonade@Brick andadTilesitay) 
were provided as substrates for attachment. A preliminary 
experiment indicated that D. atripes larvae would attach to 
these tiles. It was assumed that all tiles were identical. 
Tiles were scrubbed and soaked (24 hrs) between experiments 
to eliminate any possible conditioning effect produced by 
attaching larvae. 

Methods specific to each experiment are outlined with 


the experiment in question. 
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Aggregation in the absence of environmental heterogeneity 


When first discovered in the field, I thought that 
aggregations of overwintering fifth instar D. atripes larvae 
were a result of individual larvae choosing a common site 
for overwintering based on some set of abiotic factors. If 
this was the situation, in the absence of any abiotic cues 
(eng. ‘current, “dépthpretc.s))) and given da-number of; identical 
Substrates for attachment to choose from, one would expect a 
random distribution of larvae to result. 

Experiment 1 -- Two tiles were placed in each of 10 
tanks (Fig. 1). Fifteen larvae were introduced into each 
tank and allowed to attach. The resulting distribution of 
attached larvae was tested against a predicted random 
distribution using the Binomial test (P=0.5). The experiment 
was run twice. 

In both runs the distribution of attached larvae was 
Significantly different from the predicted random (50/50) 
distribution on the two tiles (P<0.005) (Table 1). A 
Wilcoxon matched-pairs signed-ranks test was used to check 
for any inherent gradient in the environmental chamber, 
which might have affected the choice of tile and resulted in 
aggregation. In both runs the results were not significant 
(P>0.1). Therefore, no gradient was apparent and the 
null-hypothesis of no difference between the tiles presented 


for attachment was not rejected. 
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Experiment 2 -- To Simulate the field situation more 
closly (i.e. area and number of available substrates), eight 
tiles were placed into the pool (Fig. 2). Forty larvae were 
introduced into the pool and allowed to attach. The 
resulting distribution of larvae was tested against a 
predicted uniform distribution using the Chi-square goodness 
of fit test. The experiment was run twice. 

In both runs the distribution of attached larvae was 
Significantly different from the predicted uniform 
distribution of five larvae per tile (P<0.005) (Table 2). 

The results of these experiments indicate that in the 
absence of environmental heterogeneity overwintering fifth 
instar D. atripes larvae still form aggregations. This does 
not mean that an abiotic component is not important in the 
field, but the implication is that a biotic component is 


also influential in the formation of these aggregations. 


Effects of conspecifics on aggregation 

Since overwintering fifth instar D. atripes larvae 
aggregate even under homogeneous environmental conditions, 
the role of conspecifics in aggregation formation becomes a 
pertinent question. 

The presence of conspecifics as cues in selecting a 
habitat has been demonstrated for several groups of animals 
(Scott, 1958: Otto, 1976; Kiester, 1979: Simser and Coppel, 
1980; Simon, Karban and Lloyd, 1981). Therefore, the effect 


of previously attached larvae on attachment site selection 
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by conspecific was examined. 

Two tiles and five larvae were placed into each of 10 
tanks. These larvae were marked, by slipping a ring of 
rubber tubing over their cases, and allowed access to only 
one of the tiles in each tank. The position of the 
accessible tile was altered between tanks (i.e left or right 
side). Once all five larvae had attached in each tank, both 
tiles were made available for attachment, and 10 other 
larvae were introduced into each tank and allowed to attach. 

The null-hypothesis that the presence of previously 
attached D. atripes larvae has no effect on choice of 
attachment site by conspecifics was tested uSing a Wilcoxon 
matched-pairs signed-ranks test (Wilcoxon M-P S-R test) by 
comparing the distribution of attached larvae to a predicted 
random distribution. 

Using a one-tailed test to determine whether the empty 
tile was preferred, the results (Table 3) were significant 
(P<0.02). Therefore it appears that the previously colonized 
tile was preferred as a site for attachment. In no tank did 
the original five larvae detach from the tile they initially 
attached to. 

These results indicate that the presence of 
conspecifics has a positive effect on the choice of 
attachment site by other larvae. The implication is that 
larvae may recognize conspecifics already attached to a 
Subst©ates and: that-this &S:influentialein theirychoicenof 


an attachment site. 
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Recognition of conspecifics 

In selecting substrates already occupied by con- 
specifics when attaching, D. atripes larvae may be able to 
recognize the presence of other larvae on these substrates. 
Two possible means of recognition are tactile/visual, 


chemicalorsboth. 


Tactile/visual recognition of conspecifics 

When D. atripes larvae have attached to overwinter the 
only tactile/visual cue indicating their presence on a 
Substrate to other larvae is their case. Since D. atripes 
larvae select substrates with conspecifics already attached, 
what effect would the presence of empty conspecific larval 
cases attached to a substrate have on attachment site 
selection by other D. atripes larvae? 

Empty fifth instar D. atripes larval cases, taken from 
overwintering larvae in the field, were boiled and oven 
dried (24 hrs at 60°C) in an attempt to eliminate any 
possible chemical cues in the case materials themselves. The 
use of empty larval cases precluded the presence of any 
chemical cues produced by the larvae themselves. Five cases 
were attached to each tile (Fig. 3), using Silastic 732RTV 
adhesive/sealant (Dow Corning). The sealant was allowed 3 
days in the air and 2 days of soaking in water to cure 
before being used in the following experiments. 

Experiment 1 -- One bare tile and one tile with empty 


cases attached(marked tile) were placed into each of 10 
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tanks. The position of the marked tile was altered between 
tanks. Ten larvae were introduced into each tank and allowed 
Botactach % 

The null-hypothesis that the presence of empty 
D. atripes larval cases has no effect on the choice of 
attachment site was tested using a Wilcoxon M-P S-R test by 
comparing the distribution of attached larvae to a predicted 
random distribution. 

Experiment 2 -- Identical to experiment 1, except only 
one larva was introduced into each tank. The purpose was to 
check for possible group effects in site selection. 

The results of experiments 1 (Table 4) and 2 were 
Significant (P<0.005, 1-tailed). In experiment 2, all larvae 
attached to the marked tile. Therefore, it appears that the 
marked tile was preferred as a site of attachment. 

In these experiments D. atripes larvae, in groups and 
individually, reacted to the presence of empty conspecific 
larval cases attached to a substrate by selecting that 
Substrate for attachment. Since objects similar to 
D. atripes larval cases are not found attached to or 
associated with substrates selected for attachment in the 
field, the implication is one of tactile/visual recognition 
of conspecific cases when selecting an attachment site. But, 
is it actually conspecific recognition, or would the 
presence of similarily attached objects make a substrate 


preferred for attachment? 
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Tactile/visual discrimination 

Empty glass shell-vials (9x30 mm, 0.25 dram) were 
attached to tiles, five per tile, in the same manner as the 
empty cases in the previous experiment. 

Experiment 1 -- One bare tile and one with shell-vials 
attached(marked tile) were placed into each of five tanks. 
The position of the marked tile was altered between tanks. 
Ten larvae were introduced into each tank and allowed to 
attach. 

The null-hypothesis that the presence of shell-vials 
has no effect on the choice of attachment site was tested 
using a Wilcoxon M-P S-R test by comparing the distribution 
of attached larvae to a predicted random distribution. 

The results (Table 5 A) were not significant (P>0.05, 
2-tailed). Therefore, the null-hypothesis cannot be rejected 
and the presence of shell-vials on a tile does not seem to 
have any effect on attachment site selection by D. atripes 
larvae. 

Experiment 2 -- Two tiles, one with shell-vials 
attached and one with empty D. atripes larval cases 
attached, were placed into each of eight tanks. Sixteen 
larvae were introduced into each tank and allowed to attach. 

The null-hypothesis that tiles with shell-vials 
attached were preferred for attachment was tested uSing a 
Wilcoxon M-P S-R test by comparing the distribution of 


attached larvae. 
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Results (Table 5 B) were significant (P<0.004, 
i-tailed). Therefore, it appears that the tile with empty 
D. atripes larval cases was preferred as a site of 
attachment over the tile with attached shell-vials. 

These experiments indicate that D. atripes larvae 
differentiate between attached glass shell-vials and empty 
larval cases, and only use the presence of larval cases in 
attachment site selection. Although not conclusive, these 
results lend support to the contention that D. atripes 
larvae can recognize conspecifics by tactile/visual cues. 
Therefore, tactile/visual recognition of conspecifics 
appears to be involved in selecting a site for attachment, 


but chemical cues may also be used. 


Chemical recognition of conspecifics 

The use of chemical communication in terrestrial 
insects is well known (Borror et al., 1976). Although most 
commonly reported as a means of mate location (Chapman, 
1975), "assembling scents", which also produce aggregations 
of individuals, have been reported (Simser and Coppel, 
1980). Recently chemical messages have been suggested to 
influence predator/prey interactions among larval lotic 
insects (Peckarsky, 1980; Peckarsky and Dodson, 1980). 
Therefore some form of chemical cue might also function in 
the formation of D. atripes larval aggregations. If this 
were true one would expect this chemical to be released into 


the water by attaching or attached larvae. Other larvae 
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would then respond to this chemical and cue in on attaching 
conspecifics. 

A chemical gradient experiment was set-up with a 
central experimental tube and a tank at both ends (Fig. 4). 
One tank contained 15 D. atripes larvae which had attached 
to a tideysetherothertasbare tides fhe; flowiofnwaternirom 
both tanks into the experimental tube was equal. The 
experiment was run five times. The tube was thoroughly 
flushed, and the tanks and position of the tank with larvae 
in it (i.e. left or right end of the tube) changed after 
each run of the experiment. 

Individual D. atripes larvae were introduced into the 
centre of the tube and their position (whether the larva was 
inethe left or rvght. half of ‘the tube) (recorded at 5 minute 
intervals over a 60 minute observation period (i.e. 12 
observations per larva). Timing started only after the larva 
began to move. If a larva was at the left end of the tube or 
moving left in the left half of the tube it was taken as 
indicating positive selection for that half of the tube, and 
a score of 1 was asSigned to the left half of the tube. A 
score of 1/2 was assigned to the left half of the tube if a 
larva waS moving right in the left half of the tube, because 
this was taken to imply a negative selection for the left 
hadie of thesttuben Seoriangetor thesrightehalfieoftsthentube 
differed only with respect to direction of movement. Score 
values were arbitrarily selected. Scores from all 12 


observations were summed for the right and left halves of 


enidves3a Be Fe 


-(& .pc%)-26ne A@god Js 


—_ 


STanF amavon:- Be Hobtoeri& oF #oeg2a7 dsiw wine 


wr oe 
s .diiv qucsee aew 9 


bodzetta bad doldw sevrae® Selita: aa 
+sisv So vol? eA? ot ase Ss ‘ton. a ~ 
nT eae aay sdus {agmeméxagy. ade asad 
yidpyoted? 258 edud eft bees) ev ia nae @ 
evisl dttiw Anes ef2 to noli¢deg 6ne sadnras afd 
testis booneds (edu? ad2 39 Bae Sided ao satiety } 


bape! 


HOT 


; Sams VSGAD siz; To.F 
aij atin: Secuborgeal asaw etyand aan bbs, a3! Coub iy ee E 
L #2 terigets) soir ieog 2)hts, bie sda a 


2% bebrose: leduy adt to Led /adpla gee Hel s dd 


it 
9 
> 


ey nolsyaviseda, esuntm 0d 4 s90e ek 


yg > 
iVIS.L Sh2 9218 "lad Del7828' CULE 4 VBVISL) Tee 2noiz VIS 


ga% {0 Oe tal aig Jn Sow eresh, wit vom OF Te 
aks? Baw 34. $dut-.ede le Jiasd diel ede ni-giel= 


‘3g oft 20 glad gate sod; ne lgeelee: svisigeg ent Jemibe 
- 


dy to Iled tiel edgees banpices caw Ge 


he 
a 


Dats 
a 


edui ad? lo tied ttel-ef¢.o% benpizges asw/S\i de amen 
ae 
7 LE 
ce 


= 
Ut 


i ,sdud ef2 t6 ifed Steb eds anf ta9i1 prhivaas 
‘iol 443 191 oorctrele® evtedpen a ylanive? neaes 
i edZ 20 then atplecsds sQgagaizece tees nee) 


Si ifs, meal gezacg -beioelse qiirartidis:s vm 
io eavlad ttel tee thipis add yo?) Sesame sat enoits 


‘ 


Sa : 


63 


the tube for each larva. 

The null-hypothesis that equal time was spent in both 
halves of the tube was tested using a Wilcoxon M-P S-R test 
by comparing the directional distribution of the five larvae 
to a predicted random distribution. 

The results (Table 6) were not significant (P>0.05, 
2-tailed). Therefore, the null-hypothesis that equal time 
was spent in both halves of the tube cannot be rejected. 

The implication of the above experiment is that no 
chemical is released by attaching or attached D. atripes 
larvae that might function as a cue for larvae in 


recognition of conspecifics and formation of aggregations. 


Discussion 

My experiments indicate a gregarious component in the 
formation of overwintering aggregations in fifth instar 
D. atripes larvae. Larvae 'prefer' to attach to substrates 
where conspecifics have already attached. Larvae also seem 
capable of tactile/visual recognition of conspecifics when 
selecting for an attachment site. 

The formation of aggregations at pupation by larval 
Potamophylax latipennis (Trichoptera:Limnephilidae) was 
shown to occur in the absence of abiotic factors considered 
important in attachment (Campbell and Meadows, 1972). Scott 
(1958) demonstrated that Potamophylax (Stenophylax) spp. 


larvae chose to attach to substrates where other larvae had 
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already attached to pupate. Otto (1976) found that 
Potamophylax cingulatus larvae were attracted to the 
presence of empty larval cases from previous years in 
selecting a pupation site, and that the presence of several 
newly settled larvae made that substrate highly attractive 
to other larvae still seeking a site for pupation. Although 
not tested, I would predict similar results with fifth 
instar D. atripes larvae when forming pupal aggregations, 
based on the similarities of my results and those reported 
above. 

Responses to patchiness in suitable habitat (Lamberti 
and Resh, 1979; Simser and Coppel, 1980), localized food 
abundance (Hildrew and Townsend, 1980; Sloan and Aldridge, 
1981) or anti-predator/parasite behavior (Hamilton, 1971; 
Clark anduRoberntsonyvi979> eHermmrachmandrVogt; 71980; kOtto and 
Svensson, 1981) may all result in the formation of 
aggregations of animals. 

Aggregation as a result of localized food abundance can 
be dismissed as a factor in both pupal and overwintering 
aggregations in D. atripes larvae. Feeding stops during 
pupation, and fifth instar D. atripes larvae do not appear 
to feed during the winter (person. observ.). 

Patchiness in suitable habitat might play a role in 
selecting a site for pupation, overwintering, or both in the 
field. But patchiness by itself fails to explain the 
behavioral aspects of aggregation formation demonstrated in 


my study. Likewise, if a Similar gregarious component exists 
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in the formation of pupal, overwintering, or both 
aggregations in other caddisflies, similar responses to 
environmental heterogeneity by individual animals would not 
suffice as an explanation for these aggregations. 

Pupal aggregation as a means of anti-parasite behavior 
has been inferred in a population of Potamophylax cingulatus 
larvae (Otto and Svensson, 1981), which also show 
"gregarious behavior" (Otto, 1976). Predator/parasite 
pressure might influence the development of gregarious 
behavior by resulting in the creation of the "selfish herd" 
(Hamilton, 1971) effect, wherein, animals attempt to reduce 
their chances of being attacked by a predator or SEMEN by 
seeking cover in a group. 

During the winter, I found no predators in Dyson Creek 
large enough to remove attached D. atripes larvae. Also, of 
the 1,100 overwintering fifth instar D. atripes larvae 
collected for my study, none showed any sign of predation or 
parasitism within their cases. Predator/parasite pressure on 
pupating D. atripes larvae was not thoroughly examined for 
in the Dyson Creek population. Thirty pupae and 60 prepupae 
were collected, and none showed any external sign of 
predation or parasitism within the case. However, if 
predators capable of detaching pupating larvae were present 
during the summer, they could potentially serve as pressure 
selecting gregarious behavior during pupation. 

Aggregations of D. atripes pupae have been recorded by 


other workers as well (Wiggins and Richardson, 1982; 
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B. Wisseman, pers. comm.). If aggregation during an inactive 
Stage (Such as pupation) is advantageous, in areas where 

D. atripes populations have a 2-year life cycle and 
overwinter as inactive larvae, gregarious behavior during 
this period of inactivity may be behaviorally equivalent to 


that observed during pupation. 
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Table 1. The distribution of attached Dicosmoecus atripes larvae 
given a choice of two identical bare tiles on which to attach 
(n=15 larvae per tank) under homogeneous environmental 
conditions. The experiment was run twice. 

(Left and right refer to the side of the tank the tile was on) 


Tank Left Right 
Tile | role 

1 £5 0 
2 > 10 
e 1 ] 
4 - 6 
5 15 0 
6 15 0 
Z 0 BS 
8 13 2 
9 igre’ 2 
10 3 12 


—-OWrPNnN AHP LOO 


iS SS) Rey Ese) Sv Gi Gr 


OW Own OA OS WN 


— 
— 


pUaiiiol § a 


ae 
ISVIGL BSSltyss 
. ct amizsqxs ent 
(0 ? Me a2 oF Isis 


68 


Table 2. The distribution of attached Dicosmoecus atripes larvae 
given a choice of eight identical bare tiles on which to 

attach (n=40 larvae per run) under homogeneous environmental 
conditions. The experiment was run twice. 

(For identification, tiles were assigned numbers arbitrarily) 


Tile Tater -T te let i tei Tope rile), Tiler trie 
1 2 3 4 5 6 iy 8 
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Table 3. The distribution of attached Dicosmoecus atripes larvae 
given a choice of a tile with conspecifics already attached 
imankedatile) iorma bare ‘tile on whichto attach (n=10 larvae 

per tank). 


Tank Marked Bare 

Tile Tile 
| 9 | 
2 9g | 
3 4 6 
4 9 | 
5 10 0 
6 10 0 
7 2 8 
8 % 3 
9 5 e 
10 10 0 
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Table 4. The distribution of attached Dicosmoecus atripes larvae 
given a choice of a tile with empty conspecific larval cases 
attached (marked tile) or a bare tile on which to attach 

(n=10 larvae per tank). 


Tank Marked Empty 

Tile Tile 
1 9 1 
2 10 0 
3 10 0 
4 10 0 
5) 9 1 
6 7 3 
7 7 3 
8 3 1 
g 10 0 
10 2 1 
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Table 5. The distribution of attached Dicosmoecus atripes larvae 
(A) given a choice of a tile with empty glass shell vials 
attached (marked tile) or a bare tile on which to attach 

(n=10 larvae per tank). 

(B) given a choice of a tile with empty glass shell vials 
attached (vile tile) or a tile with empty conspecific larval 
cases attached (case tile) on which to attach (n=16 larvae 

per tank). 


(A) Tank Marked Empty 
Tile Tile 

1 0 | 10 

2 10 0 

5 9 1 

4 S 7 

5 0 10 
(B) Tank Vile Case 
Tile Tile 
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Table 6. The distribution of time spent in the left or right 


half of the chemical gradient tube by Dicosmoecus atripes larvae 
(n=1 larva per run). Results are the summed totals of scores 


(See text for scoring) for the left and right halves of the tube 
over 12 observations per run. (%*- indicates end of tube with 
tank with attached D. atripes larvae present). 


Runeeokeft | Right 
1 6.5% Siete 
2 a Toe 
3 6 * 5 
4 6 6 x 
5 6 % 6 
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Figure le 


Experimental tank with two ceramic tiles for 


attachment. 
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Figure 4. Chemical gradient experimental set-up. 

Numbers indicate length and position of the tube considered 
left and right ends (10 cm); left "and Yiqnt halvescec4 ici 
and the central region (20 cm) (-*-+*-+e-=water level). 
Animals were introduced into the square opening in the 
centre of the tube. To permit flow through the tube, a 
drain hole for overflow was provided in the central 

region of the tube. » The tanks sat the Jett and) rirdiierenc 

of the tube each had a ceramic tile and water. For each 
run of the experiment only one tank had attached 
Dicosmoecus atripes larvae on the tile (n=15). 
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Synopsis of the caddisfly genus Dicosmoecus 
(Trichoptera:Limnephilidae; Dicosmoecinae). 


Insects (in press). 
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IV. Discussion 

Life Cycle 

Temperature and food quality and quantity have been 
Shown to be influential in determining voltinism of benthic 
invertebrates (Anderson and Cummins, 1979). The population 
of Dicosmoecus atripes in Dyson Creek, Alberta, has a 2-year 
life cycle, which appears primarily related to temperature. 
There is no growth in D. atripes larvae during winter 
(October-April). The first winter is spent as first instar 
larvae and the second as inactive fifth (final) instar 
larvae in aggregations attached to the underside of cobbles. 

From the analysis of instar-specific diet, a switch 
from predominantly diatoms in first and second instar larvae 
touedetrrtuseimethurds fourthiandytiithainstarstanvaerwas 
noted. Diatoms identified in the gut content of first instar 
larvae collected in May should be present in similar 
quantity and quality throughout the winter (M. Hickman, 
person. comm.). Fifth instar D. atripes larvae have been 
identified as predator-shredders (Wiggins and Richardson, 
1982), and, as such, the input of allochthonous material in 
the autumn should provide a substantial food source. 
Therefore, food availability would not appear to be the 
primanyehactoughos ovenwinteringthnti bust sandsinithdinstax 
larvae. 

In Flynn Creek, Oregon, the D. atripes population has a 
1-year life cycle, developing from egg to fifth instar 


larvae in 4 months, December to March (B. Wisseman, person. 
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comm.). The average temperature for Flynn Creek during this 
period is 8.3°C. Dicosmoecus atripes larvae in Dyson Creek 
develop from first instar to fifth instar in 4 months as 
well. But this occurs during summer (May-August), when 
average water temperature in Dyson Creek is comparable(9°C) 
to the average winter water temperature in Flynn Creek. 
During winter (October-April), average water temperature in 
Dyson Creek is 0.5°C, and D. atripes larvae do not seem to 
grow. 

The implication is that winter water temperature in 
Dyson Creek is too low for growth in D. atripes larvae, and 
the relatively low water temperature during the summer does 
not allow completion of development in 1 year. Temperature 
therefore seems to be the primary factor in the observed 
2-year life cycle in Dyson Creek. 

A similar phenomenon exists between populations of 
Dicosmoecus gilvipes in Montana and California. The 
D. gilvipes population in Montana has a 2-year life cycle 
(Hater*and Stanford, 1982), while in California”‘it ‘is 
univoltine (Lamberti and Resh, 1979). I would predict that 
an analysis of these life cycles would show temperature to 
be the most important factor determining this observed 
voltinism.¢liwouldtalsSot predict, thattboth@attongitudinal and 
latitudinal zonation of these two life cycle patterns could 


be established for D. atripes and D. gilvipes populations. 
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Instar-Specific Microdistribution 

It is well known that the distribution of animals is 
apected fhoth “by biorreand tabi ovietactors / ‘and’ “that the 
effects these factors have may vary throughout the life 
cycle of an animal. However, in most studies on abiotic 
factors influencing distribution of benthic macro- 
invertebrates, age-specific patterns of microdistribution 
have not been examined. 

In my study, Dicosmoecus atripes larvae exhibited 
instar-specific microhabitat selection. First and second 
instar larvae select shallow areas of fine substrate (i.e. 
sand) along the stream margin. Third instar larvae move out 
from the stream margins to occupy the entire stream channel, 
a characteristic retained by fourth and fifth instar larvae. 
Larvae in these later instars also select for deeper areas 
and coarse substrate (i.e. cobbles). 

The shift in microhabitat during the third instar 
coincides with a shift in diet, from predominantly diatoms 
in first and second instar larvae to detritus in third, 
fourth and fifth instar larvae. This shift in microhabitat 
and diet by third instar larvae effectively moves these 
larvae into areas of the stream previously occupied by 
conspecific fifth instar larvae, as the latter become 
inactive prior to pupation. The absence of these age 
specific patterns in a univoltine population of D. atripes 
in Flynn Creek, Oregon (B. Wisseman, pers. comm.) where no 


overlap of generations occurs, suggests that the observed 
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patterns in the Dyson Creek population may reduce possible 
intraspecific competition. 

It would be interesting to examine for similar age 
Specific trends in other benthic macroinvertebrates where 
univoltine and bi- or even trivoltine populations are known 
to exist in separate localities. These data could reveal, 
and suggest possible mechanisms for avoiding intraspecific 


competition. 


Aggregation 

In Dyson Creek, fifth instar D. atripes larvae 
overwinter in Beg eeaa tions of inactive larvae attached to 
the underside of cobbles. Field observations indicated that 
not all apparently suitable (e.g. size, shape, position and 
location) cobbles were being utilized as overwintering 
Sites. Often, a number of apparently suitable cobbles would 
be found next to one another, but only one would have an 
aggregation of attached D. atripes larvae. Therefore, it was 
felt that these aggregations were a result of individual 
larvae cueing into a set of abiotic factors that made one 
particular cobble a preferred site of attachment. 

In the laboratory, given a choice between a number of 
identical substrates in a homogeneous environment, 
D. atripes larvae still formed aggregations. A series of 
experiments showed that D. atripes larvae appear capable of 
tactile/visual recognition of conspecifics and choose to 


attach to substrates where conspecifics are already 
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attached. Based on similarities in results between my study 
and other studies dealing with pupation aggregation in other 
caddisfly larvae (Campbell and Meadows, 1972; Otto, 1976), I 
would predict a gregarious component in the formation of 
pupal aggregations in D. atripes larvae as well. 

Fifth instar D. atripes larvae do not appear to feed 
during the winter. Therefore, localized food abundance would 
not seem an important factor in the formation of 
overwintering larval aggregations. Aggregation in response 
to patchiness in suitable habitat might be important in the 
field. However, this factor alone does not explain the 
behavioral component in aggregation formation by D. atripes 
larvae noted in my study. 

Overwintering aggregation by D. atripes larvae as an 
anti-predator or anti-parasite behavior, while plausible, 
lacks support, because I was unable to identify any 
potential predator or parasite pressure during the winter in 
Dyson Creek. However, if such pressure exists during 
pupation, and aggregation during this period of inactivity 
is advantageous, aggregation while overwintering may simply 
be an extension of this behavioral response to a prolonged 


period of inactivity. 


_ 


é 4. ot ln 7 y 
youre yar negwiied 2am te 
‘ ie 1 a 3 . - - 


PB - 
- @-7 


; ae : ar aS 
Yerfio al norsspetpes nes 


i on seb aet ] 
f , (aver .os90 4502 stwobseM Bam 


: os, a 
. * * ” ° 4 7 = _ 
to nOrtemIes ott i Jasnogmea) 


45 208% 025 
? bent 7 
; - ro = 
7 ~ ea oe oh a | oar i + * c j 2 meas 
> ijemot sd ni inastogei os nase 
a _ 


Z ‘ Sv . "P 3 
ioqess ni nottsps3ppA .énotdepsipps (evasl pRiyssee 
; a , > - - ioe : 
ai inazyroqmi sd taootm tsziagsdt Sicastuse of Sgn 199 Ge 
: ni. 
- : tn On Ps , erry SS TO Ll a aye | ; 1992 (On oD. 


Inaqpqmos 


.vbuta ym ni bedon sav 
7 = —_ 


oe ; \ “ oLfteos Ipod enf1ean iw 
mm. % 
. 22 begteq-id 
“ J BW-i Oeil 


3 
é 
: 
> 
ib 
* 
ts 
A 
” 
” 
eo | 
od 
t) 


s760S70P5 .2U0SD6 svbe 


/ 


7 2 ; “7 
e . - 2 4 ip ae 

: v3 Iv a Na! ay Be : 
- 


nogee7 Lsioivered aids lo notenedxe ne 


87 


Literature Cited 


Anderson, N.H. and K.W. Cummins. 1979. Influence of diet on 
the life histories of aquatic insects. J. Fish. Res. Bd. 


Can. 36: §350>3542. 


Campbell, J.I. and P.S. Meadows. 1972. An analysis of 
aggregations formed by the caddisfly larva Potamophy] ax 
lati penniS snrrts natural habitat. 0.) Zo0l. Lond. 167: 


Pesach. 


Mauer. oR. and dena otantord.. G1982) 4 Bbronomics oF 
Dicosmoecus gilvipes (Trichoptera:Limnephilidae) in a 
large western montane river. Amer. Midl. Nat. (in 


press). 


Lamberti, G.A. and V.H. Resh. 1979. Substrate relationships, 
Spatial distribution patterns, and sampling variability 
in a stream caddisfly population. Environ. Entomol. 8: 


So ia o67. 


Otto, C. 1976. Factors affecting the drift of Potamophylax 


Cingulatus (Trichoptera) larvae. Oikos 27: 93-100. 


Wiggins, G.B. and J.S. Richardson. (1982). Revision and 


synopsis of the caddisfly genus Dicosmoecus 


ese 
: 


no 29th to sonpulinl .eve? ani 


.5b@ .@sh ,degS dl seatosent 


| = are 
to alaylens’ HA sSVet awohasy 2.9 Soles 
xe lvenonsto% eviet yitelbies eit yd Rance en 


-Yal .baed, [oot Vt. . tecdided fasysgaen esi ab = ) bah 
Peter 


. ies 


a 
io soimonoié .(Sd€t) .Breines2 «Act bre sie ee 
i ’) : 


> od (eebil ldqenmid:aresqodotatereenivii¢ aupeomeco} G 


hid .te4 .IbiM .sewA . 2sviw BAatoom ntsIeew Spas 
; 9 es 
(wea ag: 


idenoitsiex eisrtedue .OTet sdeeh Hav One ‘A.D \ te ims. 
viilidelvev potignse Ons ,anseisag motsvditiels tebteq 
-lomotnd .notivid) noigealego yiter boas MSStIe on - 
| 38-18 

. e. ; 
\yrigoma to, to. 22226 gabe poisosita #103985 BRI: 


ahh 
‘ 


= —_ 
— 


OOr-ee 27s 20420 ,oavtel Aaxesqodsi=t) aute tunis 
re 


oo a 
- a 


boa Nolaivean .{S6@T) -moabredat 
; > | 


(Trichoptera:Limnephilidae; Dicosmoecinae). 
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